Purpose Pharmaceutical companies paid at least $3.91bn to prescribers in 2013, yet evidence indicating whether industry payments shift prescribing away from generics is limited. This study examined the association between amount of industry payments to prescribers and generic drug prescribing rates among Medicare Part D prescribers. Methods A cross-sectional analysis was conducted among 770 095 Medicare Part D prescribers after linking the 2013 national Open Payments data with 2013 Medicare Provider Utilization and Payment data. The exposure variable was the categorized amount of total industry payments to prescribers (i.e., meals, travel, research, and ownership). The outcome was prescriber's annual generic drug prescribing rate. Multivariable generalized linear regression models were used to examine the association between the amount of industry payments and prescriber's annual generic drug prescribing rates, controlling for prescriber's demographic and practice characteristics. Results In this sample, over one-third (38.0%) of Medicare Part D prescribers received industry payments in 2013. The mean annual generic drug prescribing rate was highest among prescribers receiving no payments and lowest among those receiving more than $500 of industry payments (77.5% vs. 71.3%, respectively; p < 0.001). The receipt of industry payments was independently associated with prescribers' generic drug prescribing rate; higher payments corresponded with lower generic drug prescribing rates. Other prescriber characteristics associated with higher annual generic drug prescribing rate included male sex, non-northeast region, specialty, and patient volume. Conclusions Receipt of industry payments was associated with a decreased rate of generic drug prescribing. How this affects patient care and total medical costs warrants further study.
INTRODUCTION
Generic drugs play an important role in controlling health care costs. 1, 2 Between 2005 and 2014, generic drug use realized savings of $1.68 trillion in health care expenditures. 3 The generic drug market continues to grow, increasing from 19% of total drug spending in 2006 to 28% of total drug spending in 2014. 4 Today, nearly nine out of every 10 prescriptions dispensed in the USA are generic drugs. 3 One way to combat rising prescription drug costs is to encourage the use of generic prescription drugs. Generic drug use is largely impacted by certain key groups including prescribers and industry manufacturers. A 2011 survey on physician's perceptions of generic drugs found that nearly a quarter of physicians did not routinely use generics as first-line treatment. 5 About 25% of the physicians expressed concerns about the efficacy of generics, and almost half reported concerns about quality.
The Affordable Care Act requires the Centers for Medicare and Medicaid Services (CMS) to collect information from applicable manufacturers and group purchasing organizations in order to report information about their financial relationships with physicians and hospitals. 7 The Open Payments data became available to the public in early 2015 and include consulting fees, research grants, travel reimbursements, and payments made from pharmaceutical industry to medical practitioners. From August to December 2013, a total of 4.46 million records of industry payments (summed to $3.91bn) from 1392 companies were made to 480 000 physicians and 1025 teaching hospitals. 8 These data provide a unique opportunity to examine the association between the amount of industry payments to prescribers and their generic drug prescribing rates. Several recently published studies linked the national Open Payments data with national and regional Medicare Part D prescribing data and found that industry payments were associated with an overall increase in prescribing rates of brand-name drugs. [9] [10] [11] However, these studies only included general industry payments such as meals and travel, which were usually less costly than research and ownership payments.
By focusing on generic instead of brand-name drug prescribing rates, we took a further step and included not only general payments but also payments for research grants/consulting and ownership royalties (e.g., payments for royalty or license of sales of pharmaceutical products, or ownership or investment interests). 12 We linked the 2013 Open Payments data and the Medicare Part D Prescriber public use file (PUF) to examine the association between industry payments to prescribers and generic drug prescribing rates. We focused on all types of payments (i.e., general, research, and ownership) paid by the pharmaceutical industry and also conducted a series of sensitivity analyses to examine the associations by type of industry payments, by prescriber's annual prescribing volume, and by prescriber's specialty.
METHODS

Data sources
The three data sources utilized for this study were the 2013 Open Payments data, the 2013 Medicare Part D Prescriber PUF, and the National Prescriber Identification (NPI) registry file. The 2013 Open Payments data include data on payments, other transfers of value, and ownership or investment interests made to physicians or teaching hospitals for the period from 1 August to 31 December 2013. 13 The publicly available Open Payments data are selfreported by applicable manufacturers and group purchasing organizations. CMS published these data on June 30, 2015 after quality control and review, which included a dispute process and industry corrections from April 6 through June 6, 2015.
14 The 2013 Medicare Part D Prescriber PUF includes the aggregated prescription drug information that individual physicians and other health care providers prescribed in 2013 under the Medicare Part D Prescription Drug Program. 15 To protect the privacy of Medicare beneficiaries, any aggregated records that are derived from 10 or fewer claims have been excluded from the Part D Prescriber PUF. Therefore, the 2013 Medicare Part D Prescriber PUF retains information from 86.8% of claims and 78.1% of total costs from CMS's Medicare Part D Prescription Drug Event claims data. 16 We used the NPI registry file as the linkage between the 2013 Open Payments data and the 2013 Medicare Part D Prescriber PUF to merge industry payments and Part D prescribers' prescription drug events.
Study population
We included all prescribers with non-missing NPI number in the 2013 Medicare Part D Prescriber PUF dataset because we used NPI number to link prescribers with the 2013 Open Payments data. We further excluded prescribers with missing values in all three variables including total claims of brandname drugs (i.e., prescription drugs approved from New Drug Application (NDA), NDA-authorized generic, or Biologic License Application), total claims of generic drugs (i.e., prescription drugs approved by Abbreviated NDA), and total claims of other drugs. These variables were redacted by CMS and were used to calculate prescriber's annual generic drug prescribing rate. The study population included a total of 770 095 Medicare Part D prescribers.
Measurements
The exposure variable was the receipt of industry payments to prescribers (i.e., general payments such as meals and travels, research grants/consulting, and ownership royalties) from August 1 to December 31, 2013, which were reported in the 2013 Open Payments data. We identified individual prescribers with non-missing first and last names and zip codes because we used this information to link individual prescribers with the NPI file to obtain their unique NPI numbers. We calculated total payments by summing all payment amounts-including general, research, and ownership payments-for each individual prescriber. Based on the distribution of payments, the total payments were further categorized as no payment ($0), $100 and less, $100-500, and more than $500.
The We adjusted for covariates including each prescriber's sex (male and female), region (northeast, midwest, south, west, and non-US), specialty (primary care, medical specialty, surgical specialty, obstetrics/gynecology, hospital-based practice, psychiatry, and non-physician), 17 and annual number of Medicare Part D beneficiaries served (0-50, 51-100, 101-250, and 251 and more).
Statistical analysis
First, we used chi-square tests to compare the proportion of prescribers with and without industry payments between subcategories of Medicare Part D claims and covariates. We also used two-sample t-tests and analysis of variance to compare the mean annual generic drug prescribing rate between subcategories of industry payments and covariates. Then we used multivariable generalized linear regression models with Poisson distributions to examine the association between amount of industry payments and prescriber's annual generic drug prescribing rates, controlling for covariates. All analyses were performed using SAS 9.3 (SAS Institute, Inc., Cary, NC). Because of the large sample size and multiple comparisons, statistical significance was set at p < 0.01 instead of p < 0.05.
A series (n = 11) of sensitivity analyses were performed to confirm the robustness of our results. First, we calculated industry payments by individual payment type. Instead of using the sum of general, research, and ownership payments as the exposure variable, we ran three separate multivariable generalized linear regression models to examine the associations between general, research, and ownership payments with generic drug prescribing rates, respectively. Second, in order to adjust for the impact of prescribing volume on prescriber's generic drug prescribing rate, we ran separate multivariable generalized linear regression models within subgroups of prescribers who had 2000 and more, 5000 and more, and 10 000 and more claims of Medicare Part D prescriptions (based on the distribution of number of claims per prescriber). Finally, we performed subgroup multivariable analyses by limiting to different types of prescribers-physicians only, psychiatrists, cardiologists, family medicine physicians, and internal medicine physicians.
RESULTS
Industry payments and prescriber characteristics
The study population included 770 095 Medicare Part D prescribers. Of these, over one-third of Medicare Part D prescribers (38.0%) received industry payments in 2013. Because payment categories were not mutually exclusive, the most frequent payment was general payments (38.0%), followed by research payments (0.4%), and ownership payments (0.3%). The median of total industry payments was $146 (interquartile range = $51-414).
Characteristics of the study population, divided between prescribers who did and did not receive industry payments of any kind, are shown in Table 1 . Compared with prescribers receiving no payments, higher proportions of those receiving payments were men, practicing in South region, more likely to be primary care physicians, medical or surgical specialists, obstetrics/gynecology physicians, and psychiatrists, and more likely to treat higher numbers of Medicare Part D beneficiaries and prescribe higher numbers of Medicare Part D prescriptions (all p < 0.01).
Mean annual generic drug prescribing rates Figure 1 shows the mean annual generic drug prescribing rates by amount of industry payments to prescribers. The mean annual generic drug prescribing rate was highest among prescribers receiving no payments and lowest among those receiving more than $500 of industry payments (77.5% vs. 71.3%, respectively; p < 0.01). Table 2 shows both unadjusted and adjusted results of predictors of annual generic drug prescribing rates. The receipt of industry payments was independently associated with prescriber's generic drug prescribing rate. The higher the amount of the payments, the lower the generic drug prescribing rate. Adjusted results showed that prescribers who received payments of less than $100 had a 2% (rate ratio = 0.98 with 99% confidence interval (CI) = 0.97, 0.98) reduction in annual generic drug prescribing rate compared with those without industry payments. While prescribers who received payments of more than $500 had a 5% (RR = 0.95 with 99% CI = 0.95, 0.95) reduction in annual generic drug prescribing rate compared with those without industry payments. Other predictors of higher annual generic drug prescribing rate included male sex, non-northeast region, certain specialty (i.e., hospital-based prescribers and psychiatrist), and lower number of Medicare Part D beneficiaries (all p < 0.01).
Sensitivity analyses
The results of a total of 11 sensitivity analyses are summarized in Table 3 . The association between higher amount of industry payments and lower prescriber's annual generic drug prescribing rate was similar to the pooled analyses when we only accounted for general payments or research payments. However, our results showed that higher amounts of ownership payments were associated with higher generic drug prescribing, which was strongly modified by prescriber's specialty (significant interaction term between payment category and specialty). Our findings were unchanged when we limited to prescribers with higher annual prescribing volumes and with certain specialties.
DISCUSSION
We linked two national datasets to examine the association between amount of industry payments to prescribers and Medicare Part D prescriber's annual generic drug prescribing rate. We found that the receipt of industry payments was independently associated with prescriber's generic drug prescribing rate. The higher the amount of payments, the lower the generic drug prescribing rate. As compared with prescribers receiving no industry payments, we found that receipt of industry payments of less than $100 was associated with a 2% reduction in annual generic drug prescribing rate and receipt of payments of more than $500 was associated with a 5% reduction in annual generic drug prescribing rate, after controlling for prescriber's demographic and practice characteristics. Our findings persisted after we further limited to individual types of industry payments and prescribers with higher prescribing volumes and certain specialties.
Our results are consistent with recent studies that linked the CMS Open Payments data and Medicare Part D prescribing data. These studies found that industry payments were associated with an overall increase in prescribing rates of brand-name drugs.
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Likewise, we found industry payments were associated with decreased prescribing rates of generic drugs. However, DeJong et al. focus on payments specifically for industry-sponsored meals, 11 while Ornstein et al. and Perlis et al. analyzed general industry payments (i.e., meals and travels) in the CMS Open Payments data. 9, 10 We took a further step by including not only general payments but also payments for research grants/consulting and ownership royalties. Although prescribers with any research and ownership payments were much less compared with prescribers with general payments, the amount of the payments was much higher than general payments. Results from our sensitivity analyses indicated that prescribers' receipt of research payments of more than $50 000 was associated with even lower (11%) annual generic drug prescribing rates.
However, we found prescribers receiving ownership payments was associated with higher annual generic drug prescribing rates compared with those without ownership payments. The positive association between receiving ownership payments and generic drug prescribing rates was modified by prescriber's specialty. Specifically, when we stratified prescribers based on their specialty, we found no association between receiving ownership payments and generic drug prescribing rates among primary care physicians, positive associations among medical and surgical specialists, and negative association among other specialties (data not shown but can be requested from authors). Because the majority (nearly 85%) of prescribers with ownership payments were medical or surgical specialists in this sample, the positive association between receiving ownership payments and generic drug prescribing rates shown in our sensitivity analysis can be explained by the oversampling of this group of prescribers. We did not observe the same effect modification of specialty on the main analysis of total payments. Our findings of ownership payments somewhat challenge the assumption discussed by Yeh et al. 18 that larger industry payments to physicians are more likely to influence physicians' prescribing behavior. We found higher industry payments were associated with lower generic drug prescribing rates; however, certain payment types may be more of a cause of concern than others.
In addition, we found noteworthy prescriber demographic characteristics that were associated with generic drug prescribing behaviors. Our findings indicate that female prescribers had lower annual generic drug prescribing rates than males. Additionally, prescribers' practice region also made a difference-prescribers located in the northeast region had the lowest annual generic drug prescribing rates compared with those in the midwest, south, and west regions. The generic prescribing difference in geographic regions might also reflect individual prescriber's perceptions towards generic drugs. For example, all US states have adopted generic substitution laws to reduce medication costs.
However, physicians may override the policy by prescribing brand-name drugs and requesting "dispense as written." Using pharmacy claims from a large pharmacy benefits manager, Shrank et al. found that patients from the northeast region had the highest likelihood (adjusted odds ratio = 1.77 with 95% CI = 1.73,1.81 vs. reference = west region) of physician-assigned "dispense as written" compared with other regions. 20 Therefore, policies such as financial penalties to reduce the rate of "dispense as written" may help reduce medication costs and improve medication adherence. To our knowledge, our study is the first study that demonstrates the associations between prescribers' sex and geographic region with generic drug prescribing behaviors in the US. Targeted educational interventions regarding safety and effectiveness of generic drugs might improve prescribers' perceptions about generic drugs and help reduce the difference in generic prescribing in their practice.
Last but not least, our results showed differences in generic drug prescribing rates between prescriber's specialties. Specifically, medical/surgical specialists and obstetrics/gynecology physicians had lower generic drug prescribing rates compared with primary care physicians while hospital-based physicians, psychiatrists, and non-physician prescribers had higher generic drug prescribing rates. In addition, despite the differences in generic drug prescribing rates across specialty groups, results from sensitivity analyses confirmed that the relationship between higher industry payments and lower generic drug prescribing rates was quite consistent within physicians only as well as among individual specialty groups. Other than prescribers' specialty, we found a moderate association between higher numbers of Medicare Part D patients served and higher generic drug prescribing rates. However, the relationship between higher industry payments and lower generic drug prescribing rates still held when we limited to prescribers with higher annual prescribing volumes.
Our findings should be interpreted in light of limitations. First, the cross-sectional analyses could only detect associations but not causality between industry payments to prescribers and their annual generic drug prescribing rates. Although we merged the same year's CMS Open Payments data with the Medicare Part D Prescriber PUF, we cannot determine the temporal relationship between industry payments and generic drug prescribing. Second, our findings are limited by the completeness and accuracy of reporting of industry payments in the CMS Open Payment data. The 2013 Open Payments data only included payments for the period from August 1 to December 31, 2013, which means our estimates of the proportion of prescribers who received industry payments and their amounts of payments were underestimated. Our next step will be to analyze the complete 2014 and 2015 Open Payment data to confirm our findings. In addition, because the Medicare Part D Prescriber PUF does not contain specific prescription information such as drug name or dosage, we could not directly link industry payments from a specific pharmaceutical company to prescribing of a specific company's products. We also excluded roughly 27% of Medicare Part D prescribers from the Medicare Part D Prescriber PUF because of their missing values in NPI number and brand/generic claim counts. Finally, our study population only included Medicare Part D prescribers, so our findings might not be generalizable to prescribers who did not prescribe for Medicare Part D beneficiaries.
Nonetheless, the first step towards overcoming barriers to generic drug use is to understand the key influential groups and the nature of the barriers that exist. Then, strategies can be developed and tailored to reduce or eliminate barriers for different influential groups. Our findings of an association between the pharmaceutical industry and prescribers highlight the potential influence of industry payments on prescribers' decision-making about generic drug use. Future research could focus on whether the association between industry payments and generic prescribing changes over time or changes with different health insurance systems (i.e., public versus private), and how this association impacts quality of prescribing and patient health outcomes.
In conclusion, we found that the amount of industry payments may influence generic prescribing. The amount and type of payments may influence generic drug prescribing. How this affects patient care and total medical costs warrants further study.
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KEY POINTS
• Prescriber's receipt of industry payments was independently associated with a decreased rate of generic drug prescribing. However, the association varied by type of payments.
• Prescriber's generic drug prescribing behaviors also varied by their sex, geographic location, specialty, and patient volume.
• How this association between industry payments and generic drug prescribing affects patient care and total medical costs is important to safety and economics of health care delivery and warrants further study.
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